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1.0 INTRODUCTION

A specilal test to evaluate the performance of the Gemini real-
time telemetry and the UHF voice commnications systems under operational
conditions was requested by the Gemini Program Office, Manned Spacecraft
Center during the Gemini V mission. To accomplish this objective four
separate spacecraft-to-ground transmission tests were conducted at the
Bermuda Tracking Station during the following revolutions of the above
mission:

Test no. Revolution
1 .31
2 32
3 14
4 29

There was no special instrumentation installed to gather the data
other than the ground station and spacecraft commnication equipment
normally used during an operational mission.

It is the purpose of this report to present an evaluation of system
performance based on a detailed analysis of the signal strength measure-
ments as recorded by the ground station and time correlate this with
spacecraft attitude and empheris data obtained during the test.



2.0 UHF COMMUNICATION SYSTEMS

2.1 Bermuda Tracking Station Instrumentation

The voice communications and the telemetry used in the tests are
dual systems, both utilizing the same 9-turn quadhelix antennas. These
antennas are mounted on 40-foot towers separated by 182 feet to provide
space diversity. The audio output of each UHF volce receiver is applied
to the input of a Diversity Combiner (Bendix Model DDU-100) which gives
a single output having a signal-to-noise ratio equal to or more than
that of the optimum receiver.

The dual real-time (RT) and delayed-time (DT) telemetry receiving
systems are simultaneously the same 9-turn quadhelix antenna arrays as
are used for UHF voice. Also, the output of each receiver is applied
to the input of a Diversity Combiner (Nems - Clark Mod. DCA-510). 'The
RT data are transmitted continuously from the spacecraft during the
station pass.

In the Gemini V mission, the data recorded on board the spacecraft
was transmitted at high speed to the Cape Kennedy Tracking Station.
However, the Bermuda Tracking Station received the last 60 to 90 seconds
of these transmissions which started immediestely after acquisition of
signal (AOS). The performance status of the Bermuda HF and UHF voice-
transmitting and receiving equipment was within specification limits,
as determined by the delayed-system tests (DST) conducted 3 days prior
to the scheduled launch date. The interval between completion of the
delayed-system test and launch was devoted to clearing up minor defects
in the system proper. Brief system tests conducted immediately before
launch, and repeated daily during the Gemini V mission, did not reveal
any degradation or changes in system performance. (The Bermuda Tracking
Station instrumentation used in the tests, and the most significant
characteristics of this system are presented in tables 2-I and 2-IT,
respectively. )

2.2 Gemini Spacecraft Instrumentation

Two identical transmitter/receivers are available for spacecraft-
to-ground (S/G) and ground-to-spacecraft (G/S) voice communications.
One is held as a standby in the event of failure of the other. Three
telemetry transmitters send the instrumentationeprocessed data down to
the ground. (See fig. 2-1.) The RT and DT transmitters in the space-
craft receive the pulse code modulated (PCM) data from the onboard pro-
gramer and recorder, respectively. The third transmitter is held as
standby in the event of a failure of either the RT or DT transmitter.



The UHF voice and RT telemetry transmitters transmit and, in the
case of the UHF voice, receive (via a quadriplexer and a coaxial switch)
through a quarter-wave stub (reentry) antenna located in the nose of the
spacecraft or over a similar antenna located in the forward adapter
section, as shown in figure 2-2.

The DT telemetry transmitter and the acquisition-aid beacon radiate
via a Diplexer and the UHF whip antenna located in the rear-adapter
section. After spacecraft separation from its booster, but before re-
entry, the choice of either the reentry antenna or of the antenna located
in the forward adapter section is made by the pilot. Patterns for these
antennas at the UHF voice frequency (296.8 Mc/sec), the RT telemetry
frequency (230.4 Mc/sec), and at the DT telemetry frequency (246.3 Mc/
sec) are shown in figures 2-3 through 2-7, inclusive. Frequent reference
is made to these patterns throughout this report; therefore the coordi-
nate gsystem used on the spacecraft antenna patterns and the approximate
location of the antennas involved are both depicted in figure 2-2.

2.3 Gemini Spacecraft Antenna Patterns

Examination of the patterns shown in figures 2-4 and 2-6 for the
UHF voice and real-time telemetry fregquencies, respectively, shows that
the pattern for the adapter antenna is essentially a "donut" with +4 to
+4.8 dB lobes approximately in the (horizontal) yaw plane, @ = 90° and
¢ = 270°, and with a sharp -18 dB null area centered at @ = 170° and
8 = 80°, while on the opposite side of the spacecraft in the vicinity
of ¢ = 320° and extending from § = 20° to 6 = 140°, a much larger null
area occurs (i.e., one of -18 dB). The patterns shown in figures 2-3
and 2-5 for the nose antenna present essentially an omnidirectional
coverage varying from -3 to +3 dB over the entire spacecraft, except
for comparatively small null areas of -6 to =15 dB in the vicinity of
@ = 90° to @ = 160° and § = 20°, and a -6 dB null area near @ = 220°
and 6§ = 10°, as shown on the pattern for the UHF voice frequency. The
reentry antenna pattern for the real-time telemetry shows that null
areas '"looking" in the direction of the +Z azis are much deeper, that
is, =25 dB, and are centered on the opposite side of the spacecraft
near 6 = 30° and ¢ = 240°.
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Figure 2-2. - Spacecraft antenna pattem, coordinate system.
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3.0 TESTS CONDUCTED

3.1 Test No. 1, Revolution 31

3.1.1 Test procedures.- The pilot PTT (push-to-talk) keyed the UHF
voice transmitter, continuously, from acquisition of signal (AOS) at
Bermude until loss of signal (LOS). He released the PTT key for 10 sec-
onds each minute during his pass, permitting G/S trensmission, if
requested. Starting with the reentry antenna, the pilot switched alter-
nately every 20 seconds from the reentry antenna to the adapter antenna
and reported to the Bermuda Tracking Station. Also, during the entire. -
pass, the pilot was to have maintained the following vehicle attitude:

Pitech = 90° up
Roll = O0° (See fig. 3-1)
Yaw = 14° left

3.1.2 Test results.- The results of this test are summarized in
table 3-1, and additional data are presented in table 3-V. The test was
hot started until 1 minute and 30 seconds after AOS. Proper spacecraft
attitude was not achieved until 34 seconds before it reached its point
of closest approach (PCA), The trace showing that part of the spacecraft
presented to the ground antenna is plotted in figures 2-3 through 2-6.
Thege patterns indicate that the adapter antenna had a +18 dB advantage
over the reentry antenna at AOS, and also at the start of the test. Con-
versely, the reentry antenna had a +3 to +15 dB advantage over the
adepter antenna during the remainder of the pass. The antenns pattern
may be briefly described by the followlng data:

Adapter antenna Reentry antenna
Phase of pass: |UHF voice, |RT telemetry, |UHF voice,{ RT telemetry,
dB dB dB. dB
At A0S +3 +3 -15 -4
After A0S to PCA| -6 to +k -3to 0 -8 to +2 -3 to +0
After PCA to LOS|-15 to =5 -15 to +1 =15 to +1 0 to +3

The signal strength at input to the volce recelver varied from
15 uV at AOS, increased to 4OO uV at PCA, and decreased to 5 uV at LOS.
The real-time telemetry strength varied from -95 dBm at AOS to -80 dBm
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near PCA then decreased to -107 dBm at LOS (see fig. 3-5). This indi-
cates adequate signal strength for both voice and telemetry.

3.2 Test No. 2, Revolution 32
3.2.1 Test procedures.- The procedures for this test were the same

as those for test no. 1, except that the pilot was to have maintained
the following vehicle attitude:

Pitch = 0°
Roll = 132° (See fig. 3.2)
Yaw = O° :

3.2.2 Test results.~ The results of this test are summarized in
table 3-II. The trace showing that part of the spacecraft presented to
the ground receiving antenna, from AOS to LOS, is delineated in fig-
ures 2-3 through 2-6. These patterns indicate that during the initial
phase of the pass the adapter antenna had an advantage over the reentry
antenna on both the voice and telemetry frequencies of +17 and +18 dB,
respectively. Conversely, the reentry antenna had an advantage of
+5 to +18 dB over the adapter antenna from near PCA to LOS on both fre-
quencies. This is explained by the fact that the spacecraft attitude
during this period was such that the ground antenna was "looking" into
the area ¢ = 35° and 6 varying from 0° to 162° which is on the edge of
a large null area for the adapter antenna. The antenna patterns may be
briefly described by the following data.

Adapter antenna ‘ Reentry antenna
Phase of pass: UHF voice, |RT telemetry, |UHF voice, | RT telemetry,
dB dB dB dB
At AOS -2 to +3 +6 R -15 -4
After AOS to PCA |-6 to +4 | -3 to +2 -8to © -3 to O
After PCA to LOS |-5 to -15 -3 to -15 0 to +3 0 to +3

The voice signal strength varied from 15 to 200 uV. Readability
was not good due to considerable background noise. This noise appeared
to come from within the spacecraft. Signal strength of the real-time
telemetry varied from -100 dBm to -80 dBm (2.4 to 23 uV), which is ad-
equate for good telemetry data. This indicates that the telemetry does
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not have the same surplus circuit margin held by the voice frequency;
furthermore, it indicates that the effects of lobing (namely, the inter-
action of the reflected ray with the direct ray at the receiving an-
tennas) is a problem at the RT telemetry frequency. At low evaluation
angles of the ground receiving antenna, lobing cen result in nulls of
+25 or more dB, as illustrated in figure 3-8.

This figure depicts the actual signals received during test no. 2,
revolution 32, when the spacecraft was southeast of the station, at a
slant range of 600 to 700 nautical miles and at an elevation angle of
2° to 3° for the ground antenna. Also, figure 3-8 shows where the signal
into the pre-amp of the receiving channel 1A reached a null of -120 dBm
(decibels below 1 milliwatt) within 1 second from coincidence with a
-106 dBm null in receiving channel 1B. When this occurs there is usually
a loss of telemetry lockon. The use of this dual reception system, its
receiving antennas being separated by 182 feet, minimizes the possibility
of null areas occurring simultaneously in both receiving channels. How-
ever, as indicated above, space diversity, at times, 1s not the most
effective means for compensating for the difference in path length be-
tween direct and reflected rays.

3.3 Test No. 3, (Revolution 14) and
Test No. 4%, (Revolution 29)

3.3.1 Test procedures.- Test procedures for both of these passes
were essentially the same, except that the adapter antenna was used in
test no. 3, and the reentry antenna was used in test no. 4. Test pro-
cedures for both passes were: roll, pitch, and yaw were held at 0°;
the pilot PIT keyed the transmitter continuously from the Bermuds
Tracking Station AOS to LOS. During this time, the pilot would release
the PIT key for 10 seconds during each minute of the pass.

3.3.2 Test results.- The results of these two tests are presented

in tables 3-IIT and 3-IV. However, the highlights of the tests are
further summarized in the following table:
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Spacecraft antenna used: Test no. 5 Test no.
Adapter Reentry

Elevation of ground antenna from AOS to] -.9° to +1.9°}| -.2° to +5.2°
LOS

Slant range at AOS 750 n. mi. 874 n. mi.

Slant range at PCA 722 n. mi. 582 n. mi.

Slant range at LOS 874 n. mi. 701 n. mi.

SC antenna pattern presented to ground, +1 to +4 4B 0 to -5 dB
voice frequency

SC antenna pattern, RT telemetry -1 to +3 @B -1 to -3 dB
frequency

Signal strength at ground voice 30 to 50 wv 25 to 40 wv
receivers

Signal strength at ground T™ receivers |-90 to -95 dBm [-90 to -104 dBm

SC antenna pattern, voice frequency +1 to +3 dB +2 to +35 dB

Telemetry reception Good Fair to good

Readability of voice reception Excellent Fair

Figures 3-3 and 3-U are plots of the signal strength at input of
ground receiver no. 2 and shown as a function of slant range for test

nos. 3 and 4, respectively.

The scale of each plot is adjusted to in-

clude the slant range encompassing spacecraft travel from AOS to LOS.
A small plot in the upper left hand corner of each chart shows the
approximate slant renge from the spacecraft to the ground antenna and

the azimuth angle for each pass.

Due to the very low elevation angle

(a max. of 1.9° for test no. 3, and of 5.2° for test no. 4) of the

ground antenna, considerable lobing resulted, such as occurred in test
no. 2. However, lobing was never sufficient to cause fading of the UHF
voice. An exeamination of the Bermuda real-time telemetry signal strength
during these passes indicates that lobing at the frequency 230.4 Mc/sec
was sufficient to cause loss of signal.

~




Signal strength on the voice frequency dropped to zero during the
short interval when the spacecraft was approximately 785 nautical miles
south of the station during test no. 4, revolution 29 (see fig. 3-L).
An expanded view (an approximately 22-second interval) of the signal
during this time period is shown in figure 3-6. From figure 3-6 it can
be seen that the signal either dropped to zero or oscillated violently
at frequencies of 5 to 10 cps in both receiving channels (i.e., nos. 1
© and 2). The effect of the RT telemetry (230.4 Mc/sec) and the DT telem-
etry (246.3 Mc/sec) is shown in figure 3-7. This disturbance resulted
in fadeout of the UHF S/G voice and complete dropout of the RT and DT
telemetry on both receiving channels during a period of approximately
20 seconds.

During this interference, slant range was approximately 785 nautical
miles south of the station; the elevation angle of the ground receiving
antennas was 1.5°. However, the station is located less than %-mile
southwest of Kindley AFB runwey: therefore, this interference was pre-
sumebly due to reflections from low-flying aircraft in the immediate
vicinity of the ground receiving antenna. Large USAF and USN transports
as well as several commercial jet aircraft use this runway.

As previously pointed out, test nos. 3 and 4 were fringe passes
south of the tracking station; consequently, the left side of the space-
craft (¢ = 270, and 6 varying from 40° to 125°) was presented to the
ground antennas. The patterns at the voice frequency (figs. 2-3 and 2-k4)
indicate that, during both passes, the ground antenne predominately
"looked" into the +3 dB lobe for either the adapter or the reentry an-
tenna. Whereas, at the RT telemetry frequency, the antenna pattern pre-
sented to the ground station varied from -1 to +3 4B for the adapter
antenna, and from -1 to -9 dB for the reentry antenna (i.e., when the
reentry antenna is in use). If these had been fringe-ares passes to the
north of the ground tracking station, the right side (¢ = 90°) of the
. spacecraft would have been presented to the ground antenna.

An examination of the pattern under these circumstances indicates
that the adapter antenna would have had an advantage for the voice fre--
quency, which varied from +4 to +15 dB over the reentry antenna. Where-
as, at the RT telemetry frequency, the pattern presented for both the
adepter and the reentry antenna would have varied from only O to +3 4B,
and so have been practically the same for both antennas.



36

The above discussion concerning the advantage of one antenna over
the other for fringe-area passes and low elevation angles (6° or less)
of the ground receiving antenna 1s summarized below:

(a) For passes south of the station (the spacecraft attitude
being held to within #5° in roll, pitch, and yaw) the adapter antenna
has an advantage of +1 to +6 dB over the reentry antenna, but it does

not have an advantage over the reentry antenna at the UHF voice fre-
guency.

(b) For passes north of the station, the spacecraft attitude
being the same as that in paragraph (a) above, the adapter antenna has
an advantage of +2 to +4 dB over the reentry antenna at the RT telemetry

frequency, and an advantage of +3 to +20 dB over the reentry antenna on
the UHF voice frequency.

From the results as summarized in paragraphs (a) and (b) above, it
is concluded that in a normal orbital attitude (R, P, and Y = 0° = 5°)
the adapter antenna is optimum for both north and south fringe-erea
passes. This is significant, because most passes in multiorbit missions

(e.g., as in Gemini V) are fringe passes. This applies to all tracking
stations.
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NASA-S-65-11664A

SC attitude
P =90°.Up.
R=0°
Y = 14°L
Elapsed time of test, 5' 18"
Max. elevation angle, 78° S
Max. acquired slant range, 818 n.mi. 400
Test started, 528 n. mi.

Range at PCA, 96 n mi >
Last transmission, 728 n. mi. 3
)
N g
w
©
&
A0S LOS «»
P ~ E 300 —H
PCA | BDA Reentry antenna
S
200 -
150 —
\
Reentry antenna 100 —
50 —
40 -
30 ¢
= i
> I | - I i L1
800 700 600 400 200 96 200 400 600 700
n.mi. PCA S n. mi
- Out-bound slant range In-bound slant range

Figure 3-1. - Slant range versus S/G signal strength,UHF voice test no, 1, rev. 31.




NASA-S-65-11671A

SC Attitude
P=0°
R=132°L
Y=Q°
- Elapsed time of test, 4' 40"
. Max. elevation angle, 46° S
Max. acquired range, 808 n.mi.
Test started, 668 n.mi.
Min. range at PCA,131 n.mi,
Test ended, 481 n.mi.

Adapter antenna O == 0",
Reentry antenna
[ 1 [}

]
o

=]
]

A0S

Signal strength (uv)

3-15

. PCA | BDA
é\ E

LOS

Reentry antenna

Illll?

\—
2 Lo

1 1 J

. n.mi 700 500 300 200 124

Out-bound slant range

PCA

300 500 700 n.mi

In-bound slant range

_Figure 3-2..- Slant range versus 8/G signal strength,UHF voice test no. 2, rev, 32|.
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Figure 3-6,- Signal strength versus time interference onUHFvoice frequency, test no, 4, rev, 29.
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Figure 3-7.- Loss of signal on RT telemetry, test no. 4, rev. 29,
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4.0 DATA OBTAINED DURING TEST NOS. 1 THROUGH 4

For each of the tests, the following data were obtained:

(a) From Sanborn recordings made during each test, the signal
strengths (in microvolts (uV) at the input of the ground UHF voice re-
ceiver no. 2 and at the input of the real-time receiver, and made at
20-second intervals during test nos. 1 through 4) are summarized in
tables 3-I through 3-IV, respectively.

(b) The slant range, the elevation, and the azimuth angles of
the spacecraft relative to the ground station antenna, were obtained from
the tracking data recorded for each of the 20-second intervals referred
to in (a) above, and entered in tables 3-I through 3-IV.

(¢) Pitch, roll, and yaw of the spacecraft corresponding to
the same 20-second intervals, were obtained from the real-time telemetry
data, also entered in tables 3-I through 3-IV.

(d) The slant range and angular data of the ground antenna,
together with the spacecraft attitude data, were used to calculate the
"look" angle of the ground antenna in terms of the spacecraft antenna
pattern, coordinate system (¢,6). These data are entered also in
tables 3-I through 3-IV for each of the four tests. The antenna gain
was obtained from these antenna patterns and used this angular (¢,6)
data; this too is entered in tables 3-I through 3-IV. The trace showing
that part of the spacecraft presented to the ground antenna is plotted

on the antenna patterns (figs. 2-3 through 2-7) for each of these four
tests. v

(e) The quality of the UHF voice and of the telemetry data
received at the ground station was observed and recorded.
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the telemetry, partly because of the smaller circuit margin; but pri-
marily due to the nulls being much deeper at the telemetry frequency
(230.4 mes) than at the UHF voice frequency (296.8 mes). As illus-
trated in figure 3-8, multipathing can result in 25 dB nulls at the

RT telemetry frequency. Moreover, separating the ground receiving
anternas by 182 feet (as at the Bermuda Tracking Station) is not the
solution. The resultant field intensity is a function of frequency
and difference in path length between the direct and reflected rays;
it can be shown that a difference in height of the ground antennas would
be more effective in compensating for the difference in path length of
the direct and reflected rays.

Many of the unexplained failures in both the UHF voice communica-
tion and the telemetry were due to reasons other than a lack of signal
strength. For example, as shown in figures 3-6 and 3-7, many failures
can be attributed either to improper use of equipment or to sources of
manmade interference arising in the immediate vicinity of the tracking
station (i.e., low-flying aircraft or surface vessels near the ground
antenna ).

UHF voice transmissions were not made from the ground during the
tests. Consequently, the results cover only the S/G link. A quality
analysis of the G/S circuit indicates that the margin is approximately
+5 dB less than that of the S/G link, due to the dual-reception system
and to the higher sensitivity of the ground receivers.
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6-1
6.0 RECOMMENDATIONS

During the tests, the null areas due to multipathing effects were
approximately 15 dBm less at the standby telemetry frequency (259.7 Mc/
sec) than at the real-time telemetry frequency (230.4 Mc/sec). It is
recommended, therefore, that the real-time telemetry transmitter be used

as the backup and the standby transmitter be used to send the real-time
data.

The calibrations shown on the signal strength charts for all net-
work stations vary from -120 to -60 dBm at the telemetry frequencies
and vary from O to 500 puV at the UHF and HF voice frequencies for a full
scale deflection of 1.5 inches. Consequently, differences in signal
level of less than 5 to 10 dBm are practically impossible to resolve.
For a more accurate system evaluation, as that conducted on the Gemini V
migsion, signal differences of less than 5 dBm (i.e., 3 or even 2 dBm)
must be resolved. Therefore, it is further recommended that future cale
ibrations for all network stations vary from =120 to -85 dBm at the te-
lemetry frequencies and vary from O to 80 uV at the UHF and HF voice
frequencies for a full scale deflection.



